C ATECHOLAMINE storage vesicles of the adrenal medulla and sympathetic nerve contain several proteins in addition to low molecular weight constituents such as catecholamines, adenosine triphosphate, calcium, and ascorbate.'" 3 The soluble proteins include dopamine-)8-hydroxylase (DBH), a tetrameric glycoprotein that catalyzes the final step in the biosynthesis of norepinephrine, 4 and the chromogranins, a group of several acidic proteins with a spectrum of molecular weights. 1 2 5 6 The quantitatively major chromogranin, characterized from bovine adrenal medullary chromaffin granules, 5 -7 is an acidic protein known as chromogranin A.
The chromogranins have stimulated interest as biochemical markers for exocytosis, the process whereby chromaffin and synaptic vesicles discharge their entire contents, including soluble proteins, when catecholamines are released. 8 "" Because chromogranin A is of potential importance in humans as a biochemical marker for exocytosis 8 "" and because previous electrophoretic studies of crude human chromaffin vesicle lysates indicated that human chromogranins may differ somewhat from those of other species, 12 we elected to purify and characterize the major human chromogranin from human pheochromocytoma, a useful source for the isolation of large quantities of chromaffin vesicles. -H In addition, we purified bovine chromogranin A from adrenomedullary chromaffin vesicles, and have made interspecies comparisons between the proteins. Our results indicate that human chromogranin A is an acidic, monomeric protein with considerable structural similarity to bovine chromogranin A.
Materials and Methods Preparative Methods
Tissues glands were obtained from the local slaughterhouse, placed in ice-cold isotonic sucrose within 10 minutes of death, and transported to the laboratory, where the medullae (weight = 115 g) were dissected out. All further steps were conducted in the cold, unless otherwise specified.
Chromaffin Granule Isolation
All steps took place in the cold. A highly purified chromaffin granule subcellular fraction was obtained from pheochromocytoma and bovine adrenal medullae by a modification 6 of the sucrose density step gradient method of Smith and Winkler." The tissue was minced finely, homogenized in ice-cold 0.3 M sucrose (at 20% tissue weight/volume), filtered through cheesecloth, and then centrifuged at 1000 g for 10 minutes (1 x 10 4 g-min), to sediment nuclei and cell debris. The supernate was then centrifuged at 25,000 g for 10 minutes (2.5 x 10 3 g-min) to sediment a crude granule fraction. The crude granule fraction was gently resuspended in 0.3 M sucrose and layered onto step-density gradients of 1.6 M sucrose. The gradients were centrifuged at 10,000 g for 12 hours (7.2 x 10 6 g-min), yielding a pink vesicle pellet. A small portion of the pellet was removed for electron microscopy (see below).
The remainder of the pellet was resuspended and lysed in 0.001 M sodium phosphate, pH 6.5, then frozen and thawed, and centrifuged at 100,000 g for 1 hour (6 X 10*g-min) in aBeckman L-2-65B ultracentrifuge, to separate soluble granule contents (lysate) from granule membranes. The soluble lysates were the objects of further studies.
Removal of Dopamine-fi-Hydroxylase from Chromaffin Vesicle Lysates by Chromatography on Concanavalin A-Sepharose
Concanavalin A-Sepharose chromatography was performed by modifying a previously described procedure. 14 The lysates were dialyzed extensively against 0.01 M sodium phosphate, pH 6.5, to remove small molecules (catecholamines, nucleotides). The dialyzed lysates were pumped at 5 ml/min onto a 5 X 0.9 cm column of Concanavalin A-Sepharose (Pharmacia Fine Chemicals, Piscataway, New Jersey), previously equilibrated with the same buffer. The chromogranin fractions, which passed through the column, were collected and saved. The column was washed with the same buffer until the absorbance of the effluent at 280 nm declined to zero. Dopamine-/3-hydroxylase (DBH), adsorbed to the column, was then eluted with 10% (wt/vol) a-methyl-D-mannopyranoside (Sigma Chemical Company, St. Louis, Missouri) in 0.01 M sodium phosphate, pH 6.5, at 3 ml/hr. The eluted DBH was saved for other studies.
6 l4 l6 All fractions from the entire column elution were monitored for protein (adsorbance at 280 nm) and DBH activity.
Isolation of Chromogranin A by Preparative Polyacrylamide Gel Electrophoresis
Preliminary experiments indicated that pure chromogranin A could not be separated from the other chromogranins by ion exchange of vesicle lysates on DEAE-Sepharose (Pharmacia), in 0.01 M sodium phosphate, pH 6.5, developing with a 0-1.0 M NaCl gradient. Nor could an electrophoretically homogeneous chromogranin A be obtained by gel filtration of vesicle lysates on a variety of gel filtration resins, which included Sephadex G-200 (Pharmacia), Sephacryl S-200 (Pharmacia), Biogel A-0.5 m (Bio-Rad), Ultrogel ACA-22 (LKB Produkter AB, Bromma, Sweden). Nor could it be obtained under a variety of gel filtration conditions, which included pH 5.9, 6.5, 7.4, 8.5; buffers of phosphate, Tris, or Tris-succinate; ionic strength 0.005 M, 0.1 M, 0.4 M, or 0.5 M salt; other agents absent or present as 3 M urea (JT Baker Chemical Company, Phillipsburg, NJ), 0.1% (wt/ vol) Triton X-100 (Sigma), or 0 . 1 % (wt/vol) SDS (Bio-Rad).
Thus, preparative polyacrylamide gel electrophoresis was applied to vesicle lysates after removal of DBH by Concanavalin A chromatography. Initial experiments were performed in tube gels. Subsequently, slab gels were used because of the superior yield of protein product per run. Preparative electrophoresis was performed on 14 x 16 X 0.15 cm polyacrylamide slabs in a Hoefer SE 600 Series Slab Gel Electrophoresis Unit (Hoefer Scientific Instruments, San Francisco, California), which was cooled to a constant 15° C by a Lauda K-2/R circulating constant temperature bath (Brinkmann Instruments). The polyacrylamide gel matrix was prepared by a modification of the method of Davis, 17 and contained 8 M urea, included because it enhanced separation of chromogranin A from the other chromogranins (as judged by the appearance of the chromogranin A band during reelectrophoresis on SDS gels). Then 2-A mg of vesicle proteins, in 1-3 ml 0.010 M sodium phosphate, pH 6.5, were layered onto a preelectrophoresed 14 l8 running gel, without a stacking gel. After electrophoresis, the gel's vertical edges were stained (see polyacrylamide gel electrophoresis, under analytical methods) to visualize the chromogranin band, which was sliced out of the remainder of the gel. The gel slice was crushed and eluted overnight at 4° C into 3-5 ml of 0.1 M sodium phosphate, pH 6.3 (to bring the resulting pH down to 7.0-7.5), whereupon the gel fragments were removed by 0.8 ^iM microporous membrane filtration (Amicon Corporation, Lexington, Massachusetts), and the protein solution was frozen at -70° C for further characterization. The yield of chromogranin A was 200-400 /ng/gel.
Analytical Methods

Assays
Protein was determined by the Coomassie dye binding method 19 as recommended for adrenal subcellular fractions. 20 DBH activity was determined by the spectrophotometric method of Nagatsu and Udenfriend leiimide (Sigma) was included to neutralize endogenous enzyme inhibitors. 21 Norepinephrine and epinephrine were determined by the trihydroxyindole fluorimetric method. 22 All samples in the assays were run in duplicate. 
Electron Microscopy
Polyacrylamide Gel Electrophoresis (PAGE)
Native (undenatured protein) polyacrylamide gel electrophoresis was performed according to the method of Davis 17 in cylindrical tube gels, in a Bio-Rad Model 150A gel electrophoresis cell (Bio-Rad Laboratories, Richmond, California). Some cylindrical tube gels were also run in the presence of 8 M urea. After running, gels were stained in 0.125% (wt/vol) Coomassie brilliant blue G-250 (Sigma) in 12.5% (wt/vol) trichloroacetic acid (Sigma), then destained and stored in 7.5% (vol/vol) acetic acid. 23 To assess protein purity (homogeneity) and determine molecular weights, the Tris-buffered, discontinuous stacking-gel SDS system of Laemmli 24 was used and calibrated with protein standards of known molecular weight. Each sample was run both in the presence and the absence of 1% (wt/vol) dithioerythritol (Sigma) to detect intersubunit disulfide bonds. SDS slab gels were run in the Hoefer SE 600 Series Slab Gel Electrophoresis Unit (Hoefer Scientific Instruments, San Francisco, California). The gels were stained with 0.25% (wt/vol) Coomassie blue R (Sigma) in 10% (vol/vol) acetic acid and 45% (vol/vol) methanol, destained in 10% (vol/vol) acetic acid and 45% (vol/vol) methanol, then stored in 7.5% (vol/vol) acetic acid. Molecular weight was obtained by interpolation on the linear least squares regression analysis of the plot of log 10 molecular weight of the protein standards (Sigma) vs relative mobility. Some gels were also stained with periodic acid-Schiff stain to detect any carbohydrate in the purified chromogranins. 23 
Analytical Gel Filtration Chromatography
Molecular weights of the purified chromogranin A polypeptide chains were also studied by gel filtration in 6 M guanidine HC1. 26 The protein standards (Sigma) and purified chromogranins were prepared for chromatography by reduction in 6 M guanidine HC1 (Heico Inc., Delaware Water Gap, Pennsylvania), 0.1% (wt/ vol) EDTA, 0.05 M dithioerythritol, 2.0 M Tris, (pH 9), then alkylated with 2.5 M iodoacetic acid (Calbiochem, San Diego, California), and subsequently neutralized with concentrated HC1. 27 They were then injected into a 0.75 x 50 cm Micropak TSK-Gel-4000-SW high performance liquid chromatography gel filtration column (Varian Instruments, Palo Alto, California) equilibrated with 6 M guanidine HC1, 0.05 M sodium phosphate, pH 6.5, and calibrated with protein standards to determine the elution volumes (V c ), blue dextran (Pharmacia) for void volume (V o ), and tyrosine for total internal volume (V,). The column was run at 0.8 ml/min (1000 psi) at 25° C with a Waters Model 6000A pump (Waters Associates, Milford, Massachusetts), and absorbance monitoring at 280 nm by a Waters Model 450 variable wavelength detector. Molecular weights were determined by interpolation on the linear least squares regression analysis of the plot of log l0 molecular weight vs K d for the standard proteins, where
The molecular weight standards (Sigma) were thyroglobulin (165,000 daltons), phosphorylase A (94,000 daltons), bovine albumin (66,000 daltons), chymotrypsinogen (24,500 daltons), and /3-lactoglobulin (18,400 daltons).
Amino Acid Composition
The purified proteins (100 pig, in triplicate) were treated with 1 % (wt/vol) SDS to remove any contaminating peptides, thendialyzed, lyophilized, resuspended in 6 N HC1 with a crystal of phenol, and hydrolyzed for 24, 48, and 72 hours in vacuo at 115° C, after which the HC1 was removed by evaporation at 60° C under N 2 . The hydrolysates were dissolved in 0.15 N lithium carbonate, pH 2.2, and separated on a Durrum model D-500 Amino Acid Analyzer (Dionex Corporation, Sunnyvale, California). 28 The time course allowed extrapolation to time zero, to correct for destructive loss of serine and threonine. Amino acid analysis on the eluate from a blank polyacrylamide gel corrected for amino acid contaminants in the gel buffers or matrix.
Peptide Mapping
For peptide mapping, 100-200 fig portions (1.5 to 3 nmol) of purified chromogranins were dialyzed against water, lyophilized, oxidized by performic acid, 29 diluted, lyophilized, reconstituted in 0.2 M sodium phosphate, pH 7.0, and digested with bovine pancreatic trypsin (Sigma; diphenylcarbamyl chloride pretreated to inactivate residual chymotrypsin) for 24 hours at 25°C
, at a trypsin/substrate mass ratio of 1:50. The digestion was terminated by boiling for 10 minutes. The digest was lyophilized, resuspended in 10 fi\ of chromatography solvent (see below), and applied to the origin (lower left hand corner) of a 20 x 20 cm silica gel GHL thin layer chromatography plate 30 (250 /A thickness; Uniplate, Analtech Inc., Newark, Delaware). The first dimension was thin layer chromatography with a solvent of 7 parts n-propanol, 3 parts 34%
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(wt/vol) ammonium bicarbonate in H 2 O, in a glass tank lined with Whatman No. 3 filter paper in 300 ml solvent. Two plates were run simultaneously in the same tank. As the solvent front approached the top of the plate, the plate was removed and dried. Then the second dimension, electrophoresis, was performed in a buffer of 3 parts acetic acid, 100 parts pyridine, 897 parts H 2 O, pH 6.5. The buffer was sprayed onto the plate, and electrophoresis was performed over a metal cooling plate at 8°-10° C, for 50 minutes at 800 V (cathode on left), whereupon the plate was dried, sprayed with 0.025% (wt/vol) fluorescamine (Hoffman-La Roche, Nutley, New Jersey) in acetone, then visualized and photographed under a long wavelength ultraviolet lamp. A control experiment, assessing the peptide map of trypsin alone, did not result in detectable peptide spots at the concentration used in these experiments when incubated without the addition of chromogranin substrate.
Isoelectric Focusing
The purified proteins (10-20 /u,g) were dialyzed against 0.001 M sodium phosphate, pH 6.5, lyophilized, and resuspended in 8 M urea, 5% (wt/vol) sucrose, in preparation for isoelectric focusing on cylindrical polyacrylamide tube gels 31 in a Bio-Rad model 150 A Electrophoresis Cell (Bio-Rad Laboratories, Richmond, California), which was cooled to a constant 21° C by a Lauda K-2/R circulating constant temperature bath (Brinkmann Instruments). The gel matrix contained 1% (wt/vol) carrier ampholytes (BioRad; 60% wt/wt narrow range, pH 3-5; 40% wt/wt wide range, pH 3-10). After gel preelectrophoresis, the samples were run at 400 V for 14 hours, and then at 800 V for 1 hour. Two gels, run without protein sample, were cut into uniform 0.2 cm slices, each of which was eluted into 2 ml H 2 O for pH measurement and reconstruction of the pH gradient. The protein sample gels were stained and destained, as described. 23 
Copper Activation Studies
To investigate the proposal 32 33 that chromogranin A may be a DBH subunit reversibly inactivated by loss of copper, we attempted to elicit DBH activity from bovine and human chromaffin vesicle lysates by addition of copper after DBH had been removed by affinity chromatography on Concanavalin A-Sepharose. We adjusted 20 /ng of chromogranin with 5 /i.M CuSO 4 (final concentration) in 0.01 M sodium phosphate, pH 6.5, and then assayed for DBH activity spectrophotometrically as described. 21 The copper concentration was chosen to express maximal activity of any DBH present, 21 and the amount of chromogranins was chosen to yield DBH activity on scale in this assay, if the chromogranins could be converted to DBH. Assay controls included chromogranins to which CuSO 4 was not added, and CuSO 4 -treated chromogranins which were assayed after reaction incubation without tyramine substrate.
Results
Granule Isolation
Figures 1 and 2 show the chromaffin granule subcellular fractions obtained after sucrose gradient centrifugation of the tissue homogenates. Each, human and bovine, revealed a highly purified granule fraction without visible mitochondrial contamination. The vesicle lysates were rich in both DBH and catecholamines (Table 1) . In each case, catecholamine specific activity (^.g/mg protein) was enriched in the vesicle lysates vs the original cell homogenates (18.9-fold and 10.4-fold for bovine and human vesicles, respectively).
Chromogranin A Purification The chromogranin proteins that passed through the Concanavalin A-Sepharose affinity column had no DBH activity (Figure 3) . The DBH activity was eluted from the column by 10% (wt/vol) a-methyl-mannoside, and utilized for other experiments. 6 14 l6 Preparative gel electrophoresis, in polyacrylamide gels, was then applied to the lysates. Figure 4 displays the electrophoretic appearance of the lysates on native gels, on native gels with 8 M urea, and on 8 M urea gels after Concanavalin A removal of DBH. Note, again, the complete removal of the DBH band after the Concanavalin A step. Inclusion of urea was thereafter especially useful in dissociating chromogranin A from closely adjacent proteins on the gels, especially a 99,000 dalton (on SDS gel) higher molecular weight chromogranin in the human lysate (Figure 4 and 5) . From each 2-4 mg of total chromogranins preparatively electrophoresed on one urea slab gel, the yield was 200-400 /Ag of chromogranin A.
Chromogranin A Characterization
Reelectrophoresis of the purified chromogranin A molecules in sodium dodecyl sulfate gels ( Figure 5  left, lanes b and d) showed homogeneous products free of the other bands noted in the chromaffin vesicle lysates. Lightly loaded SDS gels of bovine chromogranin A or bovine chromaffin vesicle lysate ( Figure 5  right, lanes b-d) showed that the bovine chromogranin A band tended to appear as a closely spaced doublet, while the human chromogranin A band always showed 
FIGURE 4. Electrophoretic appearance of bovine and human chromaffin vesicle lysates. Migration in each case is from top to bottom. Gels a, c, and e are bovine; gels b, d, and fare human. Gels a and b are whole vesicle lysates on native gels. Gels c and d are whole vesicle lysates on 8 M urea gels. Gels e and f are vesicle lysates minus DBH (after Concanavalin A chromatography) on 8 M urea gels. Inclusion of urea in preparative gels was useful in separating chromogranin A from the other chromogranins, especially a higher molecular weight human chromogranin (gels d, f). 3-5 mm segments were sliced out of the preparative 8 M urea slab gels, corresponding to the marked chromogranin A bands in these 8 M urea tube gels (e and f).
only one component in this discontinuous gel system. 24 A doublet did not appear when the chromogranin A molecules, either human or bovine, were electrophoresed in the nonstacking, phosphate-buffered, zonal sodium dodecyl sulfate gel system of Weber and Osborn.
6 l8 M Molecular weights of the purified chromogranin A molecules were determined by relative mobilities on sodium dodecyl sulfate gel electrophoresis, interpolated between standards of known molecular weight (Figure 6) . The values were 68,000 daltons for human chromogranin A and 67,000 daltons for bovine chromogranin A, reflecting consistently slightly slower mobilities than the bovine albumin standard in the system. The mobility of the chromogranin A bands, as well as the other chromogranin bands, did not change with inclusion or exclusion of sulfhydryl reagents, precluding intersubunit disulfide links in chromogranin A. The chromogranin A bands were not visualized with the periodic acid-Schiff glycoprotein stain.
Polypeptide chain molecular weights were also determined on the reduced and alkylated chromogranins by gel filtration in 6 M guanidine HC1, 0.05 M sodium phosphate, pH 6.5, on a TSK-Gel-4000-SW column. Interpolating K d between molecular weight standards on the linear least squares plot of K d versus log l0 molecular weight (r = -0.997), somewhat lower values for chromogranin mass were obtained: 61,000 daltons for bovine chromogranin A, and 59,000 daltons for human chromogranin A. In this chromatography system, each eluted slightly later than the bovine albumin standard.
CgA-
I
-.-CgA CgAf -CgA FIGURE Amino acid composition of the purified chromogranins (Table 2) are expressed both in weight % (grams of amino acid/100 g protein) and in residues/ mole, based upon the SDS molecular weights. The bovine and human chromogranin A molecules have quite similar amino acid compositions, and share several unusual features: 1) an unusually high (28.76% to 31.53%) content of glutamic acid; 2) substantial quantities (8.41 % to 31.53%) of all the charged amino acids -glutamic acid, aspartic acid, lysine, and arginine; 3) unusually high quantities (5.25% to 7.95%) of proline; and 4) undetectable or slight (0 to 0.59%) quantities of cysteine.
SDS gel electrophoresis of the chromogranins. Left (a-d);-SDS gel electrophoresis of bovine and human chromaffin vesicle lysates, and purified bovine and human chromogranin A molecules. Migration is from top to bottom. Gels a and b are bovine, gels c and d are human. Gels a and c are whole chromaffin vesicle lysates; gels b and d are reelectrophoresed, purified chromogranin A preparations. Note the purity of the chromogranin A products upon reelectrophoresis in SDS. Right (a-g): SDS gel electrophoresis of lightly and heavily loaded samples of bovine and human chromaffin vesicle lysates and purified chromogranin A preparations, showing an apparent bovine chromogranin A doublet band on lightly loaded gels. Migration is from top to bottom. Gels a-d are bovine, gels e-g are human. Gels a-c, e, f are chromaffin vesicle lysates; gels d and g are purified and reelectrophoresed chromogranin A preparations. Gels b-d, f, g are lightly loaded, while gels a and e have heavier protein loads. An apparent chromogranin A doublet band, on lightly loaded gels, is noted for bovine chromogranin A (especially in gels b-d), though not for human chromogranin A. Gels b and c are both bovine chromaffin vesicle lysates, at different protein loads on the gel (b > c).
When amino acid compositions were performed separately on eluates of the leading and trailing halves of the bovine chromogranin A band sliced from an SDS gel (see Figure 5 right, lanes a-g) , the two halves did not differ appreciably in composition, and each value was essentially identical to those shown in Table  2 for bovine chromogranin A.
The 99,000 dalton SDS band ( Figure 5 ) from the human lysate, which was effectively removed from human chromogranin A during 8 M urea preparative gel electrophoresis (Figure 4) , was also subjected to amino acid analysis (Table 2) . Its composition was similar to that of human chromogranin A.
After trypsin digestion, the pure chromogranin A molecules were peptide-mapped on silica gel plates, with separation of peptides first by chromatography and then by electrophoresis. The resulting maps (Figures 7 and 8) show a similar number of peptides generated for each chromogranin (60 for the human, 60 for the bovine) and a generally similar qualitative "fingerprint" of the map for the two species, although some Values are presented as weight percent (grams of that amino acid/100 g protein), and as residues/mole (to the nearest integral number of residues), taking molecular weight from SDS gel relative electrophoretic mobility (bovine chromogranin A. 67.000 daltons: human chromogranin A. 68,000 daltons). Each value is the mean value for three hydrosylates at 24. 48. and 72 hours, with coefficients of variation (standard deviation/mean) (100) except for serine and threonine. which were extrapolated back to time zero to correct for destructive losses definite qualitative differences are observed, since each species possesses at least some peptides not present in the other species. In particular, several peptides near the origin were present in human but not bovine chromogranin A, and several peptides near the upper left hand corner of the map (i.e., fast chromatographic relative mobility, slow electrophoretic relative mobility) were present in bovine but not in human chromogranin A. Isoelectric focusing, or electrophoresis in a pH gradient, was undertaken in polyacrylamide gels to determine the charge heterogeneity and isoelectric point (pH at which the protein is uncharged) of the purified chromogranins, with comparison to the chromaffin vesicle lysates from which they were derived. Best results were obtained when the samples were dissolved in 8 M urea prior to electrophoresis in a mixture of 40% (wt/wt) wide range and 60% (wt/wt) narrow range carrier ampholytes. Of note was the considerable interspecies homology between bovine and human vesicle lysates. Both the human and bovine chromogranin A molecules ( Figure 9 ) displayed microheterogeneity on isoelectric focusing -bovine chromogranin A showing three major bands, human chromogranin A showing three major bands. The position of the bands, when interpolated on the plot of band position vs pH ( Figure  9 ), yielded isoelectric points of 4.68 to 4.81 for bovine chromogranin A, with a slightly more acidic value of 4.57 to 4.68 for human chromogranin A.
Attempts to generate DBH activity from the chromogranins, by adjustment to 5 /JLM copper plus a 30-minute incubation with tyramine substrate at 37° C, were not successful, suggesting that chromogranins are not DBH subunits reversibly inactivated by loss of copper. Neither controls, nor copper-supplemented fractions, with or without tyramine, displayed measurable DBH activity.
Discussion
We have purified chromogranin A, the major chromaffin vesicle soluble protein, using identical methodology applied to chromaffin tissue derived from both bovine adrenal medulla and human pheochromocytoma. Furthermore, considerable interspecies similarities were noted between the chromogranin A molecules.
A key step in obtaining chromogranin A is the isolation of an uncontaminated catecholamine storage vesicle fraction from the chromaffin tissue, since chromogranin A does not have any known enzymatic activity, but, rather, is operationally defined as the quantitatively major soluble protein in such vesicles. Our biochemical and morphologic data (Table 1, Figures 1 and  2 ) indicate that such a vesicle preparation was achieved.
DBH removal by Concanavalin A-Sepharose was complete ( Figures 3 and 4) , and is a useful step in the purification because of the potential confusion of the properties of DBH with chromogranin A.
2 32~37 Furthermore, future immunologic studies of chromogranin A necessitate prior removal of DBH because DBH is a more potent immunogen than chromogranin A , 7 " complicating the specificity of antisera raised against chromogranin A.
The SDS gel molecular weights of 67,000 daltons (bovine) and 68,000 daltons (human) point up the similarity of the molecule between species; these subunit molecular weights are in reasonable agreement with those obtained by several other investigators: 68,000 to 77,000 daltons by SDS gel electrophoresis, 15 3SM 70,800 to 73,400 daltons by approach-toequilibrium ultracentrifugation, 5 77,000 daltons by combined sedimentation velocity and diffusion measurements, 5 and 80,000 to 81,200 daltons by rapid equilibrium osmometry .
7 *° A few reports 7 --16 m~i2 have suggested a lower subunit molecular weight of 25,000 to 43,000 daltons. Lack of change in SDS gel electrophoretic mobility with sulfhydryl reagents confirms the observation of Hortnagl et al. 43 on bovine chromogranins, and suggests that there are no disulfide-linked subunits in chromogranin A, in marked contrast to the observations by ourselves 14 u and others 45 -46 that DBH, both human and bovine, does contain such intersubunit disulfide links.
Slightly lower chromogranin A polypeptide chain molecular weights of 59,000 daltons (human) and 61,000 daltons (bovine) were found in the 6M guanidine HC1 gel filtration system. The small difference between SDS gel electrophoretic and guanidine HC1 gel filtration molecular weights is not readily explained, but several points of methodologic difference bear mentioning: 1) each denaturant (SDS and guanidine HC1) unfolds proteins into a somewhat different final conformation; 47 2) occasional proteins are resistant to the action of SDS and/or guanidine HC1; 4 * 3) in each case, molecular weight determinations are, in the final analysis, empirical, based upon interpolation between standards of assumed similar conformation in the denaturant; 47 49 K and 4) glycoproteins and highly charged proteins may display aberrant mobilities on SDS gel electrophoresis. 49 Although we did not detect carbohydrate in the chromogranins by periodic acidSchiff staining, their carbohydrate content is still subject to debate, 5 35 " 51 and they do have substantial quantities of charged amino acids ( Table 2) .
The unusual amino acid composition of the chromogranins (Table 2) has been noted by other investigators.
5. 7 12. 35. . 16 The substantial content of glutamic and aspartic acids (37.17 to 39.99 wt%) is consistent with the acidic isoelectric points of the molecules (Figure 9) .
Microheterogeneity of the chromogranin A molecules is apparent upon application of two high resolution analytical techniques to the molecules: SDS gel electrophoresis in a discontinuous (disc) buffer system ( Figure 5 right, lanes a-g) and isoelectric focusing over a flat pH range ( Figure 9 ). The source of this microheterogeneity is not directly addressed by our studies, but could arise from any of a number of posttranslational modifications of the chromogranin A molecule, including modification of charged residues 52 " or glycosylation. 5 51 The microheterogeneity apparent on discontinuous SDS gel electrophoresis ( Figure 5 right) was unassociated with any appreciable difference in amino acid composition (Table 3) .
The chromogranin A molecules yielded 60 total peptide spots on peptide mapping following trypsin digestion (Figures 7, 8 ). This contrasts with an argi-HUMAN CHROMOGRANIN AJO'Connor et al.
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nine plus lysine content, based upon the SDS gel molecular weights, of 91 residues/mole (bovine) and 88 residues/mole (human). What accounts for the discrepancy between the number of basic residues, where trypsin cleaves, and the number of peptide spots derived from tryptic digestion? The number of peptides generated by trypsin is not a simple function of the arginine plus lysine content. First, adjacent (paired) basic residues are cleaved to yield only free lysine or free arginine, even if there are multiple pairings in the polypeptide chain. In chromogranin A, on a purely statistical basis, adjacent basic residues might be expected to occur 18% to 19% of the time for both lysine and arginine, reducing the predicted number of spots by approximately 16 to 17 spots. Second, trypsin cleaves slowly when the basic residue is followed by an acidic residue, and not at all when the basic residue is adjacent to proline. 54 Once again, on a purely statistical basis, this might be expected to occur in chromogranin A 45% of the time, further reducing the predicted number of peptide spots by as much as 40 to 41 spots. Third, there may be repeating or duplicating amino acid sequences within chromogranin A. Fourth, using polypeptide chain molecular weights from guanidine hydrochloride gel filtration (bovine, 61,000 daltons; human, 59,000 daltons), the total number of arginine plus lysine residues is only 83 for bovine chromogranin A, and 76 for human chromogranin A. Finally, the mapping system may not resolve all peptides.
A 99,000 dalton human chromogranin, separated from human chromogranin A on urea gel electrophoresis, proved to have an amino acid composition quite similar to those of the chromogranin A molecules. Hortnagl et al. 41 have noted immunologic cross-reactivity among several bovine chromogranin electrophoretic bands. Their observations and ours both suggest that there may be related families of proteins among the chromogranins, although additional work is needed to substantiate this point.
Our previous studies 1444 and those of other investigators on DBH indicate that chromogranin A is a clearly different molecule. Chromogranin A differs from DBH in that chromogranin A has a consistently different electrophoretic mobility in all gel systems ( Figure  4) , has a lower subunit molecular weight, 14 ""* lacks intersubunit disulfide links, 14 -44 does not bind to Concanavalin A, 1444 has a more acidic amino acid composition, 46 has a more acidic isoelectric point, 44 and displays no DBH activity, even when incubated with amounts of copper optimal for expressing the activity of DBH. 21 These clearcut distinctions between chromogranin A and DBH find support from other investigators. 1 2 3 6 In conclusion, chromogranin A has been prepared from human pheochromocytoma chromaffin tissue by a procedure involving catecholamine storage vesicle isolation, removal of DBH by Concanavalin A affinity chromatography, and preparative polyacrylamide gel electrophoresis. Characterization of human and bovine chromogranin A molecules revealed molecules with similar molecular weights; similar, though unusual, amino acid compositions; acidic, microheterogeneous isoelectric points; and minor differences on tryptic digest peptide maps. Thus, a new potential index and probe of human sympathoadrenal function are available in the form of pure human chromogranin A. 
